The increasing usage of wireless comunication systems and electric-electronical systems in daily life has caused a concern over possible adverse effects of radio frequency radiation (RFR) 
Introduction
Electromagnetic fields are available in every step of our daily modern life. We use many equipments, which emit/create radiofrequencies (RF) or extremely low frequency magnetic fields (ELF-MF) in homes, offices, schools, etc. However, we usually do not pay attention on possible adverse effects of the fields emitted from the equipments such as mobile phones, handheld phones, wirelesses, computers, radars, radio and television broadcasting stations, electric motors, high-voltage power lines, hair driers, electric razors, etc.
The biological effects of electromagnetic (EM) fields have been the subject of investigation since the beginning of the 19 th century. However, early studies on this complex problem were abandoned and extensive investigation did not resume until the 1950s. In particular, the former Soviet Union and other Eastern block countries conducted much research on EM fields during this period. The USA, Italy and Britain soon followed. Debate was sparked in the US by preliminary studies promoted by the US Navy that demonstrated the induction of important biological effects by these fields on numerous living organisms (7) . Recently, biological effects of electromagnetic fields have been classified/evaluated under two subheadings such as biological effects of wireless technologies and biological effects of ELF-MF.
With increasing application of wireless systems in households, during leisure time and at work places, the environment of humans has changed fundamentally (2) . For instance, usage of wireless communication such as cellular telephones, other types of handheld phones and electronic equipments, which emit radiofrequencies (RF), has been rapidly increasing in our daily life. As well as other equipments, mobile phones are the most popular example of wireless technologies, which facilitate our daily life. Of course, there are many examples of ELF-MF emitted equipments which are supplied for the purpose of a comfortable life. However, it should not be forgotten that restriction on the use of equipments emitting RF or ELF-MF may be necessary for a healthy life.
Due to the widespread use of cellular phones, the population exposed to high frequency electromagnetic fields, such as radiofrequencies (RF) and microwaves, has increased rapidly (2). However, the possible effects of high frequency electromagnetic fields on the human organism are still controversial. Therefore, public and scientific concerns have been increased in relation to the potential human health hazards of short and long-term effect of exposure to radiofrequency radiation emitted from mobile phones (4 (1) . From a selective review of the international literature of the past fifty years, it is evident that ELF fields influence in vitro behavior of numerous cell types. These changes in normal cell function lead to diverse effects which may have positive or negative outcomes depending on the cell type (7). Sasser et al. demonstrated that there are no promotional or co-promotional effects of a 2 mT magnetic field on skin tumor development in SENCAR mice (8) . However, Santini et al. suggested that the effects induced in cells by ELF fields should not be ignored, especially when designing appropriate legislation to safeguard both the general public and professionally-exposed workers (7) .
There has been considerable scientific research to understand the potential link between residential and occupational exposures to power frequency electric and magnetic fields (EMF) and the occurrence of cancer and other diseases. The "limited" association between childhood leukemia and ELF found in epidemiologic studies (evidence from epidemiologic studies is a major force driving ELF risk assessments), along with "inadequate" animal data, has lead to the classification of magnetic fields by the International Agency for Research on Cancer (IARC) as a "possible human carcinogen" (5) . As it is known, studies on these two physical agents are usually focused on the relation between RF and cancer and ELF-MF and cancer. However, most of the studies that investigate this relation are condensed on brain or blood. Scientists do not usually pay attention to the nose, which is one of the vital organs. Moreover, there is a poor consideration of the effect of RF and ELF-MF on the nose, when devices such as a mobile phone, hair dryer, electrical shaver etc. are used. Whereas, answer of the question: "Are there any effects of RF/ ELF-MF emitted from electronic equipments, which are used near the nose?" will be very informative for the public opinion. Therefore, we investigated the effects on the nose of rats of 900 MHz RF that is a mobile phone frequency, and 100 µT and 500 µT ELF-MF, which are the safety standards for public and occupational exposure.
Materials and Methods
Mobile phone (900 MHz) exposure study Twenty one Wistar Albino adult male rats with initial average weight of 267±15 g were obtained from the Medical Science Application and Research Center of Dicle University (Diyarbakır, Turkey), caged individually, and fed with standard pelletted food (TAVAS Inc., Adana, Turkey). They were separated into two groups such as sham exposed (n=7), and experimental (n=14), and kept on a 14/10 h light/dark schedule. During the study, the ambient temperature (22ºC) and relative humidity (45%) were maintained in the normal range for these animals.
All animal procedures were in agreement with the Principles of Laboratory Animal Care and the rules of Scientific and Ethics Committee of Dicle University Health Research Center.
Exposure and measurement of radiation
A generator (GSM Simulator 900PM10 type Everest Comp., Adapazari, Turkey), which produces 900MHz radiofrequency radiation was used in this study to represent exposure to the global systems for mobile communication (GSM). Emitted power (circular space distribution) of the generator was fixed at 2W during exposure. Antenna of the generator was equivalent to antenna of mobile phones. The rats were confined in a Plexiglas carousel, and rat heads in the carousel were exposed to 900MHz microwaves emitted from the generator. For the study group, rats were exposed to the radiation 2 h per day (7 days in a week) for 10 months. For the sham group, rats were placed into the carousel and same procedure were applied to the rats (2 h/day, 7 day in a week for 10 months), except that the generator was turned off. Antenna of the generator was placed at the center of the Plexiglas carousel to provide ideal exposure. Distance of antenna to the nose of the rats was 0.6 cm. Power Density inside Plexiglas carousel cages was measured by EMR 300 (NARDA, Pfullingen, Germany). On the last day of the study, immediately after the last exposure, rats were euthanized with a lethal dose of intraperitoneal pentobarbital, and noses were removed for pathological examination.
µT and 500 µT ELF-MF exposure study
The ELF-MF experiments were performed on 30 male SpragueDawley rats obtained from Medical Science Application and Research Center of Dicle University, weighing 300-390 g, and fed with standard pelleted food (TAVAS Inc. Adana, Turkey). The animals were kept in 14/10h light/dark environment at constant temperature of 22±3°C, 45±10% humidity. This protocol was approved by the local ethics committee.
Rats were separated into three groups in the study on ELF-MF (sham group: 10 and two experimental groups: 20). Rats in the experimental groups were separated equally into two groups that were named: ELF 100 and ELF 500 exposure groups. ELF 100 group' rats were exposed to 100 µT while ELF 500 exposure group' rats were under the influence of 500 µT extremely low frequency (ELF) magnetic field for 2 hours per day (7 days in a week) during 10 months in a Plexiglas cage. For the sham group, the same experimental procedure was applied to the rats (2 hours/day, 7 days in a week for 10 months) but ELF-MF generator was turned off.
Magnetic field generation and exposure of rats to the magnetic field The MF was generated by means of a pair of Helmholtz coils of 25 cm in diameter in a Faraday cage (130×65×80 cm) that earthed shielding against the electric component. This magnet was constructed by winding 225 turns of insulated soft copper wire with a diameter of 1.0 mm. Coils were placed horizontally as facing one another. Thus, the MF was linearly polarized and vertically oriented. An AC current produced by an AC power supply (DAYM, Ankara, Turkey) was passed through the device. The current in the wires of the energized exposure coil was 0.12 A for 100 mT and 0.50 A for 500 mT, which resulted in a 50 Hz MF. The MF intensities were measured once per week as 100 mT and 500 mT in 15 different points of methacrylate cage by using a digital teslameter (Phywe, 209101074, Gottingen, Germany) to ensure homogeneity of the field during the course of the experiment. Magnetic field measurements showed that, at the conditions of the experiment, the magnetic field exposure system produced a stable flux density of 100 mt, 500mT and stable frequency of 50 Hz with negligible harmonics and no transients. All field measurements were performed by persons not involved in the animal experiments. Observers were not aware of the rat which groups: on ELF Magnetic Field, or sham-exposed, i.e. the whole study was done in a blind manner. No temperature differences were observed between exposure and sham coils during the exposure. The rats were free in the methacrylate cage inside the coils. After ten months of ELF-MF exposure, the study was ended. Immediately after the last exposure, rats were euthanasied under ketamine anesthesia (100 mg/kg, intramuscularly) and noses were removed for pathological examination.
Pathological Examination
Skin sections were stained with hematoxylin and eosin (H&E). Epidermal thickness was evaluated using light microscopy by a pathologist. Epidermal thickness was evaluated on scale from 0 to 4 according to the following criteria: 0-normal epithelium, approximately 1-3 cell layers thick with a thin stratum corneum; 1-minimal hyperplasia, epithelium is approximately 4-6 cell layers thick; 2-minimal to mild hyperplasia, variable amounts of hyperplasia across the specimen, areas fitting each description are present; 3-mild hyperplasia, epithelium is approximately 7-9 cell layers thick or epithelial layer is composed of approximately 4-6 hypertrophic cell layers; and 4-moderate hyperplasia, epithelial layer is approximately 10-15 cell layers thick.
Results and Discussion
In this study, appearance of the epidermis, hair follicle and the lower portion of the hair follicle and arrector pili muscles were observed in nose skin of rats in the 900 MHz radiofrequency and, 100 mT and 500 mT ELF-MF exposure groups. However, appearance of the nasal mucosa of rats placed in the mobile phone and ELF-MF studies was also evaluated in the inner nose.
Results of ELF-MF exposure study showed also that 10 months of exposure to 100 mT and 500 mT ELF magnetic field (2 hours per day during the week) do not affect the mucous membrane and skin of the nose. Appearance of nose skin and nasal mucosa between sham and ELF-MF exposed groups are given at Fig. 1a, Fig. 1b, Fig. 2a, Fig. 2b, Fig. 3a and Fig. 3b . Results of 900 MHz mobile phone exposure study showed that 10 months of exposure to mobile phones (2 hours per day during the week) do not affect the mucous membrane and skin of the nose. Appearance of nose skin and nasal mucosa between sham and 900 MHz exposed groups are given at Fig.  4a, Fig. 4b, Fig. 5a and Fig. 5b .
According to the scale, the epidermis, hair follicles and the arrector pili muscles of the nasal skin were with normal appearance; also the mucosa epithelium and cartilage tissue of the nasal were normal in their appearance in ELF sham group, ELF 100 exposure group, ELF 500 exposure group, mobile phone sham group and mobile phone exposure group. Pathological signs were not observed between sham and exposure groups (Fig. 1a, Fig. 1b, Fig. 2a, Fig. 2b, Fig. 3a,  Fig. 3b, Fig. 4a, Fig. 4b, Fig. 5a and Fig. 5b) .
The major areas of research that have characterized the impact of extremely low frequency (ELF) electromagnetic fields on living systems in the past 50 years are discussed. In particular, selected studies examining the role of these fields in cancer, their effects on the immune and nerve cells, and the positive influence of these ELF fields on bone and nerve cells, wound healing and ischemia/reperfusion injury are explored (7) . However, the numbers of devices that are source for emitting ELF and radiofrequencies (RF) in our daily life have been rapidly increased. Many people spend several hours using mobile phones every day and the use of cell phones increases every year. The debate regarding cell phone safety needs to be addressed further. However, since a small animal's life span is shorter, its metabolism is faster than a human's, a shorter exposure time (several months) can mimic the effects of longterm human usage (several years). Due to the close proximity of the head to the microwave emitting cell phone antenna, it has been investigated more thoroughly than any other part of the lab animal. Therefore, most of the investigations have focused on the brain (10) . Although the nose is also an organ, which is exposed to relatively high electromagnetic fields, little attention is usually paid to it. Therefore, more experiments are needed to investigate the effect of long term exposure to extremely low frequency magnetic field and radiofrequencies such as 900 MHz on nose skin and nasal mucosa.
The long-term animal carcinogenicity studies reviewed by IARC provided very little evidence that exposure to ELF magnetic fields alone could induce any type of cancer, including hematopoietic, mammary, brain and skin tumours. Negative results were also obtained from studies that evaluated the effects of ELF magnetic fields on growth of transplanted tumour cells. Among the few positive findings are enhanced development of UV-induced mouse skin tumours in one study. Based on the available experimental studies, IARC concluded that there is inadequate evidence for carcinogenicity of ELF magnetic fields in experimental animals (9) . It is also stated that environmental agents such as ELF-MF, radiofrequencies can promote the development of cancer also through non-genotoxic mechanisms such as stimulation of cell proliferation and inhibition of apoptosis (3, 9) . In this study, we did not find any adverse effect of 100 µT and 500 µT ELF-MF on nose skin and nasal mucosa, which a safety standard defined for the public and workers (Fig.  1a, Fig. 1b, Fig. 2a, Fig. 2b, Fig. 3a and Fig. 3b) . Two research groups have reported an increase in cell proliferation markers in rat mammary gland and inhibition of UV radiation-induced apoptosis in mouse skin after shortterm exposure to magnetic fields at 100 μT (9) . The results of the short-term animal studies are interesting and, if confirmed in further independent experiments, potentially important for understanding possible cancer-related effects of magnetic fields (9) . The results of this study on 100 μT does not support the studies mentioned above. Although exposed to 100 μT and 500 μT of ELF-MF for ten months (2 hour/day) that is a long term exposure for the rats, indications for changes in their nose skin and nasal mucosa were not observed.
Zapponi and Marcello indicated that ELF-MF causes non neoplastic lesion such as cytoplasmic alteration in nose olfactory epithelia. However, they found that female rats are more sensitive compared to male rats in terms of cytoplasmic alteration in olfactory epithelium originated from ELF-MF. Since we did not found any alteration in nose skin and nasal mucosa, the results of our study does not support the results of Zapponi and Marcello (12). Sasser et al. showed no promotional or co-promotional effect of a 2 mT magnetic field on skin tumour development in SENCAR mice (8) . These results are in agreement with the results for ELF-MF interaction with nose skin in the current experiment. Korpinen et al. stated that the physical symptoms such as skin symptoms associated with the use of mobile phones or computers are not as common as in earlier quantitative studies (6). Yariktas et al. measured Nitric oxide levels in the nasal and sinus mucosa after exposure to 900 MHz radiofrequency emitted from mobiles (11) . It was found that exposure to 900 MHz radiofrequency radiation emitted from mobile phones increases NO levels in the sinus and nasal mucosa (11) . However, they claimed that increased NO levels may act as a defence mechanism and was presumably related to tissue damage (11). Since we did not found any damage in nasal mucosa of rats exposed to 900 MHZ radiofrequency radiation, 100 μT and 500 μT ELF-MF, the results of our study did not support the study results of Yariktas et al.
Conclusions
In conclusion, 900 MHZ radiofrequency radiation and 100 μT and 500 μT ELF-MF exposure that were used in this study did not cause any damage in nose skin and nasal mucosa. However, studies in the field of RF emitted from mobile phones and ELF-MF exposures indicate that there is still no general agreement on the exact biological detrimental effects of these fields. Therefore, further studies are necessary.
